Research strengths and limitations of this study ► This study is a nationwide cohort study that enrolled most aortic aneurysm (AA) patients with long-term follow-up over a period of 8 years. ► We used propensity score matching to reduce selection bias in patients with AA by balancing covariates between patients with and without chronic obstructive pulmonary disease (COPD). ► This is a comprehensive national study with a large population that intended to be representative of AA patients with and without COPD in a clinical setting. ► The study relies on diagnosed COPD; however, according to a previous study, a large proportion of cases might be missed. ► Some details regarding COPD and AA, such as lung function, aneurysm size and the presence of a dissection/rupture, might impact mortality; however, these were not assessed in our analyses.
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AbstrAct
Objectives Aortic aneurysm (AA) is a leading cause of death worldwide. Chronic obstructive pulmonary disease (COPD) is a risk factor for AA, and the prognoses of COPD patients with AA who underwent/did not undergo an operation warrant investigation. Design A nationwide retrospective cohort study. setting We included patients with AA older than 18 years who received their first AA diagnosis between 2005 and 2011 in Taiwan. Participants This study enrolled 3263 COPD patients with AA before propensity score matching and 2127 COPD patients with AA after propensity score matching. Outcome measures The main outcomes were all-cause mortality and rehospitalisation for AA or operation. The outcomes of COPD patients with AA and COPD patients without AA during an 8-year follow-up period were examined using Cox proportional hazards models. results In the AA population, patients with COPD showed higher rates of mortality and rehospitalisation than patients without COPD with adjusted HRs of 1.12 (95% CI 1.03 to 1.22) and 1.11 (95% CI 1.01 to 1.23), respectively, after propensity score matching. Analysis of the patients who underwent an operation revealed that the rates of mortality of COPD and non-COPD patients were not significantly different. In contrast, among the patients who did not receive an operation, patients with COPD showed a higher mortality rate than patients without COPD with an adjusted HR of 1.11 (95% CI 1.0 to 1.22) . conclusions The outcomes of COPD patients with AA undergoing an operation were improved, but the mortality rate of non-COPD patients with AA remained high. An effective treatment to reduce mortality in this group warrants further investigation.
IntrODuctIOn
Chronic obstructive pulmonary disease (COPD) is an obstructive airway disease that is not fully reversible by medication. In fact, COPD is a systemic disease that shares smoking as a common risk factor for inducing aortic aneurysms (AAs); additionally, COPD has been shown to be an independent risk factor for abdominal aortic aneurysm (AAA). 1 AAs include those of the abdominal aorta (AAA), thoracic aorta (TAA) and thoracoabdominal aorta (TAAA) and are associated with high mortality, particularly following rupture. [2] [3] [4] Previous studies have focused on the prognosis of patients with COPD undergoing operation for AAA 5 or have compared the outcomes of COPD patients with AAA undergoing open or endovascular repair. 6 However, these studies only considered the effect of COPD in AAA patients who underwent an operation, and some studies were performed more than 10 years ago. In addition, patients with AA may receive either surgical or medical treatment, but few studies have addressed the effect of COPD on patients with AA who receive medication. A previous study among AAA patients found that the risk of death was significantly greater in the presence of COPD. 7 Another study showed that severe COPD, for which patients were dependent on home oxygen, was not a contraindication to AAA repair and that the mortality of these patients did not increase. 8 Unfortunately, generalisation of these observational studies Open Access was limited by their small sample sizes, short follow-up periods, lack of medical records and conflicting results. Moreover, improvements in intraoperative and postoperative care for vascular operation have resulted in significant reductions in morbidity and mortality that might affect the outcomes of AA in patients with COPD. These factors justify further investigation.
To investigate the outcomes (all-cause mortality, rehospitalisation for AA and operation) of AA patients (including AAA, TAAA and AAA) with COPD, we used data from the Taiwanese National Health Insurance Research Database (NHIRD) for patients receiving either surgical or medical treatment. The aim of our study was to analyse the association between aortic aneurysm and COPD regardless of the risk factors of aortic aneurysm. The main outcomes were all-cause mortality and rehospitalisation for AA or operation. The hypothesis was that COPD has a large influence on the outcome of AAs.
MAterIAls AnD MethODs
Study design
This was a population-based, observational study using information from the NHIRD in Taiwan. Data regarding hospital visits, emergency care and prescriptions were provided by the National Health Insurance Research Institutes. The diagnosis of AA in the NHIRD has previously been described. 9 This study was approved by the Institutional Review Board of Kaohsiung Medical University Hospital (KMUH-IRB-EXEMPT-20130199).
Participants
We included patients from the NHIRD aged ≥18 years who presented with a first-time diagnosis of AA (International Statistical Classification of Diseases, Ninth Revision (ICD-9) 441.1-441.9) between 2005 and 2011. The date of the first ambulatory visit or inpatient hospitalisation at which AA was diagnosed was designated the index date. We excluded patients who died at first presentation and those who had fewer than 30 days of follow-up after discharge.
Participants included as cases were required to have a diagnosis of COPD (ICD-9: 490-492, 496) before the index date and treated using COPD medications including the following: long-acting inhaled anticholinergics, longacting inhaled β2-adrenergic receptor agonists, inhaled corticosteroids, short-acting anticholinergics, short-acting β2-agonists or xanthines. Patients were excluded if COPD was diagnosed or medications for COPD were prescribed after the index date.
The control group was selected from the group of patients with AA who had no comorbid diagnosis of COPD. To decrease selection bias due to baseline differences, we also conducted propensity score matching (PSM) at a 1:1 ratio by age group, demographic characteristics, comorbidities and comedications. The patients in this study were followed until readmission or operation for AA, death, withdrawal from the national health insurance or 31 December 2012, whichever was soonest.
Variables
All patients were divided into the TAA (ICD-9 codes 441.1-441.2), AAA (ICD-9 codes 441.3-441.4) and TAAA (ICD-9 codes 441.6-441.7) groups according to the diagnosis site at the index date. We also identified whether patients underwent operation and, if so, whether the operation involved open or endovascular repair.
Patient comorbidities were identified by the diagnostic code as inpatient or outpatient diagnoses within 180 days of the index date. The following comorbidities were included in the assessment: hypertension, diabetes, dyslipidaemia, congestive heart failure (CHF), atrial fibrillation, valvular heart disease (VHD), peripheral artery disease (PAD), coronary artery disease (CAD), stroke (ischaemic and haemorrhagic), malignancy, chronic kidney disease (CKD), thyroid disease, liver disease, gout, peptic ulcer disease and sleep apnoea. The drugs prescribed within 180 days of the index date were also identified. The following medications were also included as variables: ACE inhibitors (ACEIs), angiotensin receptor blockers (ARBs), beta-blockers (BBs), calcium channel blockers (CCBs), diuretics, alpha-blockers, statins, fibrates, antiplatelet drugs and oral antidiabetic agents (OADs).
We also described the demographic characteristics of patients with AA by the presence or absence of a COPD diagnosis. Potential confounders included gender, age group (<50, 50-59, 60-69, 70-79 and over 80 years), urbanisation (urban or rural), income group and smoking status. The income groups were defined as low (<NT$24 000), middle (NT$24 000-NT$42 000) or high (>NT$42 000) according to the individual monthly gross income during a 1-month period before the index date.
Because no information was available regarding smoking status, we used the mean percentage of city/county smoking rates available from the National Health Interview Survey (2005) (2006) (2007) (2008) (2009) (2010) (2011) . All subjects in this survey were randomly sampled and selected from different cities and counties to be interviewed by trained interviewers. 10 Although this smoking rate is not a direct measure of the rate for patients in this database, it can be considered to reflect the likely rates of smoking and passive smoking (stratified by age, gender and living area) if we assume a normally distributed cohort that reflects the broader population.
Outcome
The main outcomes of interest were all-cause mortality and rehospitalisation for AA or operation. Moreover, all-cause mortality was confirmed by withdrawal from National Health Insurance (NHI) within 1 month of a major medical event. 11 We considered rehospitalisation to be the time when patients were admitted with AA-related events (ICD-9 codes 441.1-441.9) as the principal or secondary diagnosis after discharge from the index event. Operation was stratified by whether patients underwent an operation at the time of the index event. Then, the patients who underwent an operation for AA at the index event and were rehospitalised for operation more than 30 days after discharge were classified as undergoing a repeat Open Access operation. Patients who did not undergo operation at the index event and who were rehospitalised more than 30 days after discharge were classified into the operation group. Furthermore, patients who received an operation less than 30 days after discharge at the index event were classified into the operation group at the index event.
statistics All data are expressed as frequencies (percentages). Categorical and continuous variables were compared between the patients with and without COPD using χ 2 tests and Student's t-tests, as appropriate. The outcomes of the patients with and without COPD during an 8-year follow-up period were examined by Cox proportional hazards models.
Simple and multiple analyses (including age group, comorbidities, comedications and demographic characteristics) were used to assess the risk of outcome by the presence or absence of COPD during follow-up. We used PSM for patients in the COPD and non-COPD groups. Because the outcomes might have been influenced by the presence of disease (diabetes mellitus, dyslipidaemia and hypertension) or medication (OAD, statins, fibrates and antihypertensives), we examined these in a multiple model. The difference in the cumulative probability of mortality between the patients with and without COPD was calculated using Kaplan-Meier estimates with the log-rank test; we also divided patients by operation type and site of diagnosis for these analyses.
To assess the robustness of the outcomes, a subgroup analysis was performed, and the subgroups were defined by age (≥70 and<70 years), AA site (TAA, AAA and TAAA), high risk (hypertension, dyslipidaemia, diabetes mellitus, atrial fibrillation, stroke and CKD), concomitant drug use (ACEIs, BBs, CCBs, statins and antiplatelet agents) and type of operation. The analyses and calculations were performed using SAS V.9.4. Statistical significance was inferred at a two-sided p value <0.05.
results
Descriptive data
We identified 6 117 patients with AA, and 3263 of these patients also had COPD. After PSM, 2127 patients with COPD were eligible for enrolment in the study. Figure 1 shows the study flow diagram for AA patients with and without COPD. Table 1 summarises the characteristics of patients with AA. Before matching, one-third of the patients with AA were aged 70-80 years. A notable male preponderance was detected in the patients with and without COPD.
In both groups, AAA was the most common type of AA, followed by TAA and TAAA. Most patients without COPD (58%) received open repair, whereas most patients with COPD (55%) underwent endovascular repair. The most common comorbidity was hypertension, which was present in more than 96% of patients.
The two most common medications administered to the patients with and without COPD were CCBs and diuretics, respectively.
Outcomes based on the operation and non-operation groups As shown in table 2, among the patients with AA who received an operation, there were no significant differences in all-cause mortality between the patients with and without COPD. Among the non-operation group, the all-cause mortality was higher in patients with COPD compared with patients without COPD both before and after PSM, with respective adjusted HRs of 1.233 (95% CI 1.130 to 1.344) and 1.105 (95% CI 1.004 to 1.216). The reoperation rate for AA was higher in the patients without COPD than in the patients with COPD with an adjusted HR of 3.134 (95% CI 1.394 to 7.043) after PSM.
Outcome of AAs by the presence or absence of cOPD As shown in table 2, an analysis of the total population revealed that patients with COPD presented a higher all-cause mortality than patients without COPD. The AA rehospitalisation rate of the patients with COPD was also higher than that of the patients without COPD, with respective adjusted HRs before and after PSM of 1.100 (95% CI 1.004 to 1.206) and 1.114 (95% CI 1.007 to 1.2327). Among the total population, no significance difference in the number of patients who underwent an operation was found between the patients with and without COPD. Table 3 shows the HRs and 95% CI for all-cause mortality and rehospitalisation before and after PSM.
Other factors affecting outcomes
As shown in table 3, COPD and age ≥80 years were associated with higher mortality rates after PSM with respective HRs of 1.118 (95% CI 1.028 to 1.217) and 2.970 (95% CI 1.533 to 5.755). In addition, AAA and TAAA were associated with a higher risk of rehospitalisation than TAA after PSM, and AAA was also associated with a lower risk of mortality than TAAA.
Other comorbidities associated with a higher risk of mortality after PSM included diabetes, dyslipidaemia, CHF, atrial fibrillation, VHD, stroke, malignancy, CKD and peptic ulcer disease. Among the patients with multiple comorbidities, only CAD and CKD were associated with a significantly higher risk of rehospitalisation.
Medications that showed an apparent protective effect on mortality after PSM were ARBs, BBs and CCBs. Patients prescribed CCBs had a lower risk of rehospitalisation, and those prescribed α blockers presented a higher risk of rehospitalisation. After PSM, AA patients had a lower risk of mortality if they were receiving ARBs than if they were receiving ACEIs, with HRs of 0.846 (95% CI 0.766 to 0.934) and 1.170 (95% CI 1.058 to 1.293). However, there was no significant difference in the rehospitalisation rates between patients receiving ACEIs and those receiving ARBs after PSM. Mortality analysis in patients with AA and cOPD Table 4 shows the results of a subgroup analysis for mortality in patients with AA defined by the presence or absence of COPD. AA patients with COPD had higher mortality rates than those without COPD. Patients ≥70 years of age (HR 1.117, 95% CI 1.021 to 1.223) or with TAA (HR 1.262 95% CI 1.075 to 1.482) also showed higher risks of mortality. The HR for mortality in the patients with AA, COPD and hypertension was also significant (HR 1.111, 95% CI 1.019 to 1.211). Other comorbidities, including diabetes, dyslipidaemia, atrial fibrillation, stroke and CKD, were not associated with increased risks of mortality in AA patients with COPD. There was also no significant difference in the mortality rates between the operation procedures for patients with COPD and AA. Figure 2 shows the cumulative risk of AA mortality in patients with and without COPD and is stratified by patients who underwent an operation and by the AA site. Analysis of the patients with TAAA who underwent an operation showed no significant difference in mortality between the patients with and without COPD (p=0.6516). However, for all other subgroups of patients with AA, there were significant differences in mortality based on the presence or absence of COPD.
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DIscussIOn
This nationwide population-based study showed that AA patients with COPD had a higher risk of all-cause death and rehospitalisation than those without COPD. Analysis of the patients with AA who underwent an operation showed that those with COPD had the greatest risk of reoperation for AAs. However, no differences in mortality in AA patients with COPD were found among the different procedures for AA.
Prognosis of AA patients with cOPD
A previous study showed that the increased prevalence of COPD in patients with AAA was independent of smoking. 1 Other studies have found that COPD is associated with a high prevalence of AAA with rates ranging from 7.7% to 9.9% and that the prevalence is increased in severe emphysema and in cases with a decreased forced expiratory volume/vital capacity ratio. 12 13 The aneurysm rupture rates have also been shown to correlate with COPD risk factors, initial aneurysm size and diastolic hypertension, 14 but surgeons are hesitant to repair AAAs electively because of the associated high morbidity and mortality. 15 Through a database review of 1053 patients undergoing surgery for intact or ruptured AAAs in a hospital between 1997 and 1998, Axelrod et al 5 showed that mortality was not higher in patients with COPD compared with patients without COPD. Notably, these researchers also showed that patients with COPD required longer hospital stays, longer intensive care unit stays and more days of ventilation. However, their study was performed more than 15 years ago and only focused on patients with AAA who underwent operations. Axelrod et al 5 did not find an increased risk in patients undergoing surgery, which might be due to adequate patient selection in an era of open repair.
Our study included patients with a first-time AA diagnosis between 2005 and 2011 and who were followed to 31 December 2012. The final cohort of patients with AA comprised 2854 controls without COPD and 3263 cases with COPD, and these were further divided into those who did and did not undergo operation. Our study indicated that AA patients with COPD had a higher rate of rehospitalisation and higher mortality compared with patients without COPD. In patients undergoing operation for AAs, we found that the mortality and rehospitalisation rates were not significantly different between those with and without COPD, although the reoperation rate was higher in those with COPD. Among those not undergoing operation for AA, the all-cause mortality rate was also higher among patients with COPD than those without COPD. surgical procedure and mortality in patients with cOPD and AA Compton et al 16 retrospectively reviewed 44 patients with oxygen-dependent COPD undergoing AAA repair; of these, 24 underwent endovascular aneurysm repair and 20 underwent open procedures. These researchers showed that the type of repair, comorbidities and lung function test results did not significantly affect survival. Many other studies have also shown that endovascular AAA repair offers long-term survival similar to open AAA repair in patients with COPD. [17] [18] [19] Qureshi et al 20 performed a prospective study of high-risk patients undergoing endovascular repair of AAAs or TAAAs between 1998 and 2009 and showed that mortality was no different between patients with and without COPD when endovascular techniques were used. In our study comparing all types of AA in patients with and without COPD, we found no significant difference in mortality rates for either procedure between the two groups.
Patient characteristics
In our study, patients with COPD had higher rates of AA than those without COPD. Most patients with AA were Open Access AA, aortic aneurysm; COPD, chronic obstructive pulmonary disease; PS, propensity score. AAA, abdominal aortic aneurysm; ACEI, ACE inhibitor; ARB, angiotensin receptor blocker; BB, beta-blocker; CAD, coronary artery disease; CCB, calcium channel blocker; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; OAD, oral antidiabetic agent; PAD, peripheral artery disease; PS. propensity score; TAA, thoracic aortic aneurysm; TAAA, thoracoabdominal aneurysm; VHD, valvular heart disease.
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Table 3 Continued
Open Access males regardless of whether they had COPD. The most common comorbidities in AA patients with COPD were hypertension, CAD, stroke, dyslipidaemia and CHF. These results are similar to those reported by Flessenkaemper et al, 21 who suggested that risk factors such as male gender and CAD could be used to increase the efficiency of screening for AAA. We suggest that other risk factors, such as hypertension, stroke, dyslipidaemia and CHF, might be useful in future screening for AA in patients with COPD.
A survey of 231 patients with COPD by Ando et al Open Access had comorbid COPD. To the best of our knowledge, with the exception of two studies with conflicting results, 23 24 there have been no major reports on the prevalence or incidence of AA in the Asian population. Poon et al 25 reported that the prevalence of AAA in Chinese patients was low and that their results did not support routine screening for AAA; however, another study showed that AAA was not uncommon and had a comparable incidence with that in the West. 24 To clarify these issues, a study that includes more Asian countries and a larger population is needed.
Prescription patterns
Medical management is important in the control of AAs, with the main goal of therapy being to decrease shear stress by reducing blood pressure and contractility. 26 In a small retrospective study, BBs were shown to effectively decrease AAA growth. 27 In another study, prophylactic BBs were found to be associated with a slowing in the rate of aortic dilatation. 28 Indeed, BBs can reduce left ventricular contractility and reduce shear stress in the aorta. However, a prospective randomised double-blind study showed that patients with AAA do not tolerate BBs and that these medications have no significant effect on the growth rates of small AAAs. 29 In our study, before PSM, the most common medications for AA were CCBs, followed by diuretics and BBs. Although the prescribing rates of BBs were associated with significant differences between the patients with and without COPD, this difference did not persist after PSM. BBs are often prescribed for AA, but physicians may be concerned about contraindications and may fear inducing adverse reactions or bronchospasm, particularly in patients with obstructive airway disease. In our analysis, BBs were well tolerated in patients with AA and COPD and had a clear protective effect on reducing mortality. This is consistent with their use being recommended. Notably, the safety of BBs has long been proven in patients with COPD, and there is a growing body of evidence from clinical trials showing that BBs should not be withheld in this patient group. 30 AceI and Arb in AA In our analysis, ARBs, BBs, CCBs and diuretics, but not ACEIs, were associated with reduced mortality in patients with AA and COPD. In an animal model, AAs were associated with increased transforming growth factor-β signalling, and the ARB losartan has been shown to block transforming growth factor-β. 31 Losartan can therefore prevent elastic fibre fragmentation and blunt transforming growth factor-β signalling in the aorta, thereby reducing the growth rates of AAs. 32 However, ACEIs were shown to prevent aortic dissection and the apoptosis of vascular smooth muscle cells in another animal model 33 ; Hackam et al reported that ACEIs were protective against aortic expansion and rupture, whereas ARBs did not protect against AAA rupture. 34 Other experimental evidence shows that ACEIs increase collagen synthesis, improve plaque stabilisation and diminish aortic stiffness. 35 To further complicate matters, in a prospective cohort study of 1701 patients in the UK, Sweeting et al 36 showed that aneurysm growth was faster in patients receiving ACEIs. This finding conflicts with previous research and observational data from Canada showing that ACEIs have protective benefits. 35 Considering all the data, the inconsistent results regarding the efficacies of ARBs and ACEIs in reducing AA growth limit any meaningful conclusion. Undoubtedly, these problems result from differences in the models used, selection bias, unaccounted confounding factors and the multiple possible pathways of AA development.
A recently systematic review of the current data on pharmaceutical therapies for AAA showed that pharmaceutical therapies cannot halt AAA growth. 37 Small AAA growth rates were lower than anticipated, and ACEI had no significant impact in reducing the small AAA growth rate. 38 limitations This study has some important limitations. Our study relies on diagnosed COPD; however, according to a previous study, 1 a large proportion of the cases might be missed. We did not have access to data on vital signs (ie, blood pressure and heart rate) or to imaging results (ie, we could not estimate the size or progression of AAs). We also did not include data on pulmonary function tests or the severity of COPD, and we were unable to find a clear relationship between the size of AA and the severity of COPD. However, we focused on all-cause mortality, rehospitalisation rates and reoperation rates and performed a subgroup analysis (operation vs non-operation) to reduce bias. This was also a large nationwide study of all registered patients with AA in Taiwan, which should allow generalisation to other COPD populations. Finally, we also performed PSM, which reduced the bias in estimating the treatment effects and reduced the likelihood of confounding data. We excluded patients who died within 30 days and individuals with a COPD diagnosis after the index date. Additionally, chronic conditions such as COPD and aneurysms might have been present at the time of inclusion. cOnclusIOns Improvements in the preoperative and postoperative management of patients with COPD undergoing major operation have resulted in reduced mortality and morbidity rates. However, although we showed improvement in the safety and outcomes of patients with COPD undergoing AAA repair, we also showed that the overall mortality remains higher than that in patients without COPD. In addition, we also observed high mortality rates among patients with COPD who did not undergo operation. Further research is clearly needed to identify the most appropriate therapy for reducing mortality in patients with AA and COPD.
